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(57) ABSTRACT

An acoustic feedback system includes a memory and pro-
cessor to recerve at least one of a plurality of output signals
from a plurality of sensors. The system determines whether
an output signal has reached a first threshold, and sends an
audible sound signal to a speaker(s) based on the first
threshold. Thus, the acoustic feedback system utilizes output
signals of various vehicle sensors and generates audible
signals based on the sensor output signals.

20 Claims, 6 Drawing Sheets

316 /./300

Sensor 1

oy
A
Q0

~

/312

Sensor 2
Bus ‘
320
Sensor N
314
Speaker 327
Interface

Speaker 1

324

Speaker 2

326

Speaker M

Vehicle




US 9,802,536 B2

Sheet 1 of 6

Oct. 31, 2017

U.S. Patent

} OI4

09l

0/L (Wa)sAs yoeqpss)
211SNooe 8y} AQ paploAe)
sall]l Jeal buipppys

0st

UONOE] 8S00| 0]

08t UO1}081100 Jnoge saJij Jeas Buisuss

LOI11oEJ-Ul say el JAALIP (S)JoSUSS 8|2IYSA
ale sall} Jeal

4] 3, % - —

-..... 1.1...n.... .
. ) .11 e ; ...
] e
W~ ;
.._._. 4 ¢ - -
- - J .?.. - ” l-.
AT ™ hs

v ", H
Lol - : 3 ,..m

-------------

P ' "l
-----------




US 9,802,536 B2
200

210

e e e e | LT NN el SOOI o e ek

*a

Sheet 2 of 6

Oct. 31, 2017

e T

U.S. Patent

FIG. 2



&€ Old

US 9,802,536 B2

S|0IUSA 92I1A8(]
N Jeyeadq
STAS ”
= 7 layeadq (S)punos s|qipne
> be / 90¢
- 0LE
@ | Jeyesds aoB LS|
7 A Joxeads AIOWBIN
4%
—
- 0Z€ A
M.“ “ sne (s)eubis jndino
e ¢ D05 80¢ / .
A%
 ldosuss
A 0¢
00¢€ 9l¢
8C¢C 4019

U.S. Patent



v Old

3[01ys
o7t [PIUSA

US 9,802,536 B2

I\ Joyeads

| Joyeadqg Ply

ZAY m
. aoelalu] |OLp

. Z Joyeadg Joeads
= (S)puUNoSs
-+ a|dipne
3 __Viofesds
=
N

CCV

Ocv

=

—

g —Noses

= . (s)jeubis ndino

X 8LY ” e .

Q . 801

AN
 ldosueg
0[0]7 \.\\ 9Lt

U.S. Patent

JOSS200J-

pPJeogq-u(

174817

AJOWBSIN

90v

40)%



U.S. Patent Oct. 31, 2017 Sheet 5 of 6 US 9.802,536 B2

500
ad
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least one threshold

Send an audible sound of a plurality of
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reached a second threshold
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least one of a signal input from the vehicle,
change of a performance of the vehicle, or
a response of the vehicle to road condition
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ACOUSTIC FEEDBACK SYSTEM

[. FIELD OF THE DISCLOSURE

The present disclosure relates 1n general to an acoustic
teedback system, such as an on-board vehicle acoustic
teedback system to relay output signals of a sensor to an
on-board computer or driver.

II. BACKGROUND

Various types of sensors are mstalled in a vehicle to assess
performance and safety conditions. One such sensor inter-
faces with a graphical display to show gravitational forces
(g-forces) incident on the vehicle. However, a graphical
display can distract a driver’s visual attention, rendering use
of the graphical display unsate or unusable 1n real-time,
especially during high performance driving.

[1I. SUMMARY

All examples and features mentioned below can be com-
bined 1n any technically possible way.

In one aspect, an apparatus includes a memory configured
to store sound data associated with a plurality of audible
sounds. The apparatus further includes a processor config-
ured to receive an output signal from a sensor associated
with a vehicle. In some i1mplementations, the processor
determines whether the output signal 1s at a threshold level.
The processor 1s further configured to initiate sending an
audible sound signal generated based on the sound data to at
least one speaker. In a particular example, the processor
initiates sending the audible sound signal based on a deter-
mination that the output sound 1s at the threshold level. The
processor 1s configured to detect an increase 1n a difference
between the output signal and a threshold level. The differ-
ence 1s associated with the output signal being greater than
the threshold level. In an illustrative example, the processor
identifies an increase (e.g., a continued increase) in the
output signal above the first threshold level. In response to
detection of the increase, the processor i1s configured to
increase a sound level of the audible sound signal, shift a
pitch of the audible sound signal, or modulate the audible
sound signal based on another signal. In an illustrative
example, the increase 1n the sound level, change 1n the pitch,
or modulation of the audible sound signal 1s be based on a
difference between the output signal and the threshold. In
some 1mplementations, the other signal 1s as a square wave.

According to a particular implementation, the memory 1s
turther configured to store threshold level data of a plurality
of threshold levels. The plurality of threshold levels may
include the threshold level. The output signal 1s one of a
plurality of output signals received at the processor via a
computer bus. The processor 1s further configured to deter-
mine whether the output signal has reached a second thresh-
old level. For example, the processor may determine
whether the output signal has reached the second threshold
level upon a determination that the output signal has not
reached the threshold level. The processor 1nitiates sending
of a second audible sound signal generated based on the
sound data (e.g., the plurality of audible sounds) to the at
least one speaker based on the determination that the output
signal has reached the second threshold. In some examples,
the audible sound comprises a first type of sound (e.g., a
verbal warning), and the second audible sound comprises a
second type of sound (e.g., a vehicular sound). In some
implementations, the threshold level 1s greater than the
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second threshold level. In other implementations, the second
threshold level 1s greater than the threshold level.

According to a particular configuration, the processor 1s
further configured to match the plurality of audible sounds
with a plurality of output signals. For example, each audible
sound (of the plurality of audible sounds) may correspond to
a particular output signal (of the plurality of output signal).
To 1llustrate, a first audible sound may correspond to a {first
output signal and a second audible sound may correspond to
a second output signal. The first output signal and the second
output signal may be the same output signal or different
output signals. The processor further matches each of a
plurality of threshold levels with each of the plurality of
audible sounds. For example, the threshold level may cor-
respond to the audible sound signal (associated with a first
audible sound) and a second threshold level may correspond
to a second audible sound signal (associated with a second
audible sound).

In some implementations, the sensor 1s one of a plurality
of sensors, each of the plurality of sensors configured to
generate a corresponding output signal. In some implemen-
tations including the plurality of sensors, the processor 1s
configured to determine to send the audible sound signal to
the at least one speaker based on a spatial relationship
between the sensor and the at least one speaker.

According to another implementation, the processor 1s
turther configured to modify the threshold level to a second
threshold level based on detection of a change 1n at least one
of a plurality of performance margins of a vehicle, such as
a vehicle that includes the processor and the memory. The
memory 1s further configured to store information associated
with at least one of the change 1n the at least one of the
plurality of performance margins, threshold data associated
with the threshold level and the second threshold, or a
combination thereof.

In some implementations, the plurality of audible sounds
comprises at least one of: a sound of a squealing tire, a sound
of a plurality of squealing tires, a sound of a tire losing
traction intermittently, a hard braking sound, or a warning
sound. Examples of warning sounds include one or more
beeps, a siren sound, a verbal warning, etc. In illustrative
examples, the plurality of audible sounds differ from each
other based on at least one of loudness, pitch, speed, or type
ol sound.

According to another aspect, a method includes receiving
an output signal from a sensor associated with a vehicle. In
some 1mplementations, the method further includes deter-
mining whether the output signal has reached a threshold
level. The method further includes sending a first audible
sound signal to at least one speaker. The audible sound
signal 1s based on sound data that may correspond to one or
more audible sounds. In particular examples, the audible
sound signal corresponds to one of the one or more audible
sounds. In some implementations the first audible sound
signal 1s sent to the at least one speaker based on the output
signal reaching the threshold level. The method turther
includes detecting an increase 1n a diflerence between the
output signal and the threshold level. The difference 1is
associated with the output signal being greater than the
threshold level. The method further includes, 1n response to
detecting the increase, icreasing a sound level of the first
audible sound signal, shifting a pitch of the audible sound
signal, or modulating the audible sound signal based on
another signal.

According to a particular implementation, the method
includes determining whether the output signal has reached
a second threshold level. The second threshold 1s greater
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than the first threshold. According to the particular 1mple-
mentation, the method further includes, based on the deter-

mination that the output signal has reached the second

threshold, sending a second audible sound signal generated
based on the sound data to the at least one speaker.

In particular examples, the sensor 1s one of a plurality of

sensors configured to generate a plurality of output signals.
Additionally, the method further includes determining to
send the audible sound signal to the at least one speaker
based on an association between the sensor and the at least
one speaker.

In 1llustrative examples, the audible sound signal corre-
sponds to a first type of sound comprising at least one of a
sound of a squealing tire and a sound of a tire loosing
traction intermittently. The second audible sound has a
second type of sound that includes at least one of a hard
braking sound or a warning sound. The audible sound signal
may be modified based on at least one of: a signal input from
the vehicle, a change of a performance of the vehicle, and a
response ol the vehicle to road condition.

According to another aspect, a computer-readable storage
device stores instructions that, when executed by a com-
puter, cause the computer to perform operations comprising,
receiving at least one of a plurality of output signals from a
plurality of sensors associated with a vehicle, and determin-
ing whether an output signal of the plurality of output signals
has reached a threshold level. The operations further include
sending an audible sound signal to at least one speaker based
on the output signal reaching the threshold value. In par-
ticular examples, the sound data corresponds to one or more
audible sounds. The audible sound signal may correspond to
a particular one of the one or more audible sounds. The
operations further include detecting an increase 1n a difler-
ence between the output signal and a threshold level, the
difference associated with the output signal being greater
than the threshold level. The operations further include, in
response to detecting the increase, increasing a sound level
of the audible sound signal, shifting a pitch of the audible
sound signal, or modulating the audible sound signal based
on another signal.

In a particular implementation, the operations include
selecting the at least one speaker based on an association of
the at least one speaker with the sensor. In particular
examples, the association of the at least one speaker with the
sensor comprises at least one of a directional association, a
spatial association, and a cognitive association.

Other {features, objects, and advantages will become
apparent from the following detailed description and draw-
Ings.

IV. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of an acoustic feedback
system used during a car being driven;

FIG. 2 1s an illustrative layout of speakers in a vehicle;

FIG. 3 1s a block diagram of an illustrative implementa-
tion of an acoustic feedback system;

FIG. 4 1s a block diagram of an illustrative implementa-
tion of an acoustic feedback system using an on-board
processor ol a vehicle;

FIG. 5 1s a flowchart of an 1illustrative implementation of
a method for implementing an acoustic feedback system;
and

FIG. 6 1s a flowchart of an 1illustrative implementation of
a method for determining threshold values of an acoustic
teedback system.
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4
V. DETAILED DESCRIPTION

An 1mplementation of an acoustic feedback system uti-
lizes output signals of sensors in a vehicle and transforms
these output signals 1nto variably-scaled audible sound sig-
nals. The signals alert a driver of performance margins of the
vehicle or unsafe vehicle or road conditions. The intuitive
acoustic conveyance provides real-time, progressive, sale
indication of the vehicle’s performance margins, condition,
or a combination. In particular implementations, in response
to an output signal from a sensor satisiying a threshold, an
audible sound signal (e.g., a warning indication) 1s altered 1n
pitch, loudness, or other aspect (e.g., harmonic content). In
some examples, the alterations to the audible sound signal
are based on an extent that output signal differs from the
threshold. For example, as an output signal from a g-force
performance sensor decreases, the audible sound signal may
be decreased 1in volume, changed in pitch, or modulated
(e.g., because the output signal 1s falling toward the thresh-
old).

In one example, an acoustic feedback system conveys
information related to a sensor data (e.g., from a g-force
sensor) i acoustic form by providing a variably-scaled
audible sound to a driver of the vehicle. In this manner, the
variably-scaled audible sound provides real-time, progres-
sive 1ndications of performance margins available to the
vehicle. An example of a vaniably-scaled audible sound 1s a
sound of a tire squealing as it loses traction on a road.
Another example of a variably-scaled audible sound 1s a
simple tone, a sound associated with stickiness (e.g., trac-
tion) of a new tire, or a hard braking sound.

In a particular implementation, once a g-force satisfies a
first threshold, for example, 80% of a second threshold
relative to the performance of the vehicle (e.g., a tire traction
limit) or a second threshold independent of the vehicle (e.g.,
0.7 g), the system will start playing back a squealing sound.
As the g-force continues to increase, the squealing sound
gets louder, changes pitch, 1s changed to a sound of tires
losing traction intermittently at friction limits, or any com-
bination thereof. Sound modulated by a square wave pro-
duces sound of tires losing traction intermittently at friction
limats.

In another instance, additional, higher thresholds are
specified. For example, 95% of a traction limit may be
preset. Once the car exceeds the additional higher
threshold(s), the system plays a different sound to indicate
the car 1s very close to 1ts traction limits. For instance, sound
may change from squealing tires to a hard braking sound.
With acoustic imaging, multichannel outputs, non-entertain-
ment audio rendering, or any combination, the system
conveys individualized acoustic feedback for each of the
tires. For example, when a driver-side rear tire 1s about to
lose traction, a driver-side rear speaker(s) provide squealing
sound that varies 1n pitch or changes from squealing tires to
a drastic, hard braking sound as thresholds are reached. In
another example, diflerent sounds may be played based on
the g-force having exceeded different thresholds.

Besides tire performance, the use of various sounds,
sound levels, sound playback speed, pitch, or any combina-
tion may be used to indicate many other vehicle states. An
illustrative state may relate to: fuel efliciency, manual trans-
mission shiit points, or safety alerts, among others. Once an
antilock brake or traction control system senses a tire slip,
maximum, no-slip, g-forces may be calculated to retlect a
slippery road surface. The system will recalculate warning
thresholds or predetermined thresholds so as to give sonic
warning(s) before the tires actually slip.




US 9,802,536 B2

S

FIG. 1 depicts an illustration of an implementation of an
acoustic feedback system 1n a vehicle. At 150, one or more
sensors of the vehicle detect that rear tires 130, 140 are
getting close to losing traction. The output signal may be
associated with the approaching traction loss 1n the left rear
tire 130 and right rear tire 140. In another implementation,
separate output signals may be associated with the approach-
ing traction loss 1n the left rear tire 130 and night rear tire
140. The output signal may comprise of a single output
signal or a plurality of output signals.

At 160, the rear of the vehicle skids to the right due to loss
of traction on 1ts left rear tire 130 and right rear tire 140. At
170, a driver of the vehicle makes correction by turning a
steering wheel to the right, slowly braking, or decreasing
speed. At 180, the rear tires 130, 140 of the vehicle are now
in-traction. A vehicle equipped with the acoustic feedback
system enables the driver to avoid the situation illustrated at
160 of FIG. 1. Specifically, when the one or more sensors of
vehicle start detecting an impending loss of traction of the
rear tires 130, 140, as illustrated at 150, the acoustic feed-
back system initiates sending an audible sound to one or
more speakers based on a determination that an output signal
from the one or more sensors 1s at a threshold level. As a
result, the driver makes correction by gently steering to the
right, slowly braking, decreasing speed, or any combination
thereot, as illustrated at 170. At 180, with the help of the
acoustic feedback system, the driver i1s able to make cor-
rection prior to the rear tires 130, 140 loosing traction;
thereby, avoiding a dangerous situation.

FI1G. 2 depicts an 1llustrative non-limiting layout of speak-
ers 1n the vehicle depicted 1n FIG. 1. The vehicle includes a
center channel speaker 202, a left front channel speaker 204,
a right front channel speaker 206, a left rear surround
speaker 208, a night rear surround speaker 210, and a
subwooler 212.

At 150 of FIG. 1, an acoustic feedback system receives at
least one output signal from one or more vehicle sensors
indicating that the left rear tire 130 and right rear tire 140 are
about to lose traction. The output signal may be associated
with an impending loss of traction 1n the left rear tire 130 and
right rear tire 140. In another implementation, separate
output signals may be associated with the impending loss of
traction in the left rear tire 130 and right rear tire 140. The
output signal may comprise of a single output signal or a
plurality of output signals.

The acoustic feedback system determines whether the
output signal has reached at least one threshold. The at least
one threshold may be stored in a memory associated with the
acoustic feedback system or 1n a memory associated with the
vehicle’s on-board system. The at least one threshold may be
associated with an industry predetermined threshold(s). In
another implementation, the at least one threshold may be
associated with thresholds determined by the driver or a user
based on a determination of the vehicle’s performance
margins. The acoustic feedback system sends an audible
sound to the left rear surround speaker 208 and the right rear
surround speaker 210 based on the at least one threshold.
The audible sound may comprise a single audible sound or
a plurality of audible sounds.

In another implementation, the vehicle sends a first
audible sound to the left rear surround speaker 208 and a
second audible sound to the right rear surround speaker 210.
The first audible sound and the second audible sound may be
different sounds or diflerent type of sounds. The first audible
sound may comprise sound of a tire loosing traction inter-
mittently, and the second audible sound may comprise sound
of squealing tire. In another implementation, the audible
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sound comprises sound of a squealing tire, sounds of a
plurality of squealing tires, sound of a tire loosing traction
intermittently, a hard braking sound, or another warning
sound. In another implementation, the acoustic feedback
system sends a third audible sound to the left rear surround
speaker 208 upon a determination that an impending or
actual loss of traction 1n the left rear tire 130 has at least
reached a second threshold.

In another implementation, the acoustic feedback system
may send a second audible sound to the right rear surround
speaker 210. The second audible sound may be lower 1n
loudness or pitch than the audible sound sent to the left rear
surround speaker 208. The acoustic feedback system may
also send the second audible sound to the right rear surround
speaker 210 upon a determination that an output signal
associated with the right rear tire 140 has at least reached a
second threshold. A plurality of audible sounds may differ
from each other based on at least one of loudness, pitch,
speed, or type of sound.

At 170 of FIG. 1, the audible sound sent to the left rear
surround speaker 208 and the right rear surround speaker
210 may change. The change may be based on at least one
output signal associated with the left rear tire 130, the right
rear tire 140, or a combination thereot, reaching a particular
threshold. The audible sound comprises sound of a squealing
tire, sounds of a plurality of squealing tires, sound of a tire
loosing traction intermittently, a hard braking sound, or
another warning sound. The plurality of audible sounds
differs from each other based on at least one of loudness,
pitch, speed, or type of sound. The change i1n the audio
output level, pitch or other sound may be based on an
amount the output signal 1s beyond each threshold. In an
implementation, the acoustic feedback system stops sending
the audible sound to the at least one speaker when the output
signal associated with the at least one speaker falls below the
particular threshold.

At 180 of FIG. 1, the left rear tire 130 and the rnight rear
tire 140 are in-traction. The output signal associated with the
rear tires 130 and 140 falls below the particular threshold.
The acoustic feedback system stops sending the audible
sound. In another implementation, the output signal may be
associated with other components of the vehicle other than
the tires.

An acoustic feedback system that varies sound or type of
audible sound or adjusts (scales) loudness/volume, pitch or
speed of the audible sound sent to a speaker or a plurality of
speakers based on an amount the associated output signal 1s
above a given threshold enables a driver to intuitively react
to a change in a vehicle’s performance margins or unsafe
vehicle or road conditions without having to distract the
driver’s visual attention. In an implementation, the audible
sound sent to a speaker 1s varied and scaled at the same time.

FIG. 3 1s a diagram depicting an 1llustrative non-limiting
implementation of an acoustic feedback system. A device
302 includes a processor 304 and a memory 306. The
processor 304 1s configured to receive at least one of a
plurality of output signals 308 from a plurality of sensors
316-320 associated with a vehicle 328. The processor 304 1s
turther configured to determine whether an output signal 308
of the plurality of output signals 308 has reached at least one
threshold. The processor 304 sends an audible sound 310 of
the plurality of audible sounds 310 to at least one speaker
322-326 based on the at least one threshold. In another
implementation, the processor 304 matches the plurality of
audible sounds 310 with the plurality of output signals 308.
The processor 304 1s configured to match each of a plurality
of thresholds with each of the plurality of audible sounds
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310. The processor 304 determines a particular sensor of the
plurality of sensors 316-320 that generated the output signal
308. The processor 304 further determines at least one
speaker 322-326 that 1s spatially associated with the par-
ticular sensor.

The memory 306 of FIG. 3 1s configured to store at least
one of a plurality of audible sounds 310. In another 1mple-
mentation, the memory 306 1s configured to store at least one
of a portion of a plurality of thresholds or an entire plurality
of thresholds. The memory 306 may also be configured to
store at least one of a change 1n the at least one of the
plurality of performance margins, a second threshold, the at
least one threshold, or information associated with the
change 1n the at least one of the plurality of performance
margins.

The vehicle 328 of FIG. 3 includes a first sensor 316, a
second sensor 318, and an Nth sensor 320. The plurality of
sensors 316-320 comprise at least one of: a speed/accelera-
tion sensor, a collision sensor, a vehicle distance sensor, an
obstacle sensor, a road surface sensor, a wheel rotation
sensor, a brake pressure sensor, a tire pressure sensor, an
airbag sensor, a suspension adjustment sensor, an exhaust
gas sensor, an engine related sensor, an anti-lock brake
sensor, a traction control sensor, or a fuel sensor. Further,
vehicle 328 includes a plurality of speakers. The plurality of
speakers includes a first speaker 322, a second speaker 324,
and an Mth speaker 326. For example, the first speaker 322
corresponds to the left rear surround speaker 208 of FIG. 2,
and the second speaker 324 corresponds to the right rear
surround speaker 210 of FIG. 2.

The device 302 of FIG. 3 receives at least one output
signal 308 of the plurality of sensors 316-320 via a bus 312.
The bus 312 includes a signal bus, a computer bus, a
communication bus, or a vehicle on-board system bus. The
device 302 sends at least one of the plurality of audible
sounds 310 via a speaker interface 314 or any interfaces
available 1n a vehicle to connect to a plurality of speakers.
In an 1mplementation, an acoustic feedback system imple-
mented 1n the device 302 includes a smartphone, a hand-held
device, a portable device, or a vehicle on-board system.

FIG. 4 depicts an illustrative, non-limiting implementa-
tion of an acoustic feedback system 1n an on-board system
ol a vehicle. The processor 304 of FIG. 3 1s implemented 1n
an on-board processor 404 of a vehicle 402. The memory
306 of FIG. 3 1s implemented in a memory 406 of the vehicle
402. The plurality of sensors 416-420, the plurality of
speakers 422-426, the bus 412, and the speaker interface 414
are similar to those illustrated in FIG. 3. The on-board
processor 404 of FIG. 4 receives at least one of a plurality
ol output signals 408 from the plurality of sensors 416-420
associated with the vehicle 402. The on-board processor 404
determines whether an output signal 408 of the plurality of
output signals 408 has reached at least one threshold. The
on-board processor 404 sends an audible sound 410 of the
plurality of audible sounds 410 to at least one speaker
422-426 based on the at least one threshold.

The memory 406 of FI1G. 4 stores at least one of a plurality
of audible sounds 410. In an implementation, the memory
406 1s configured to store at least one of a portion of a
plurality of thresholds or an entire plurality of thresholds.
The memory 406 may also be configured to store at least one
of a change 1n the at least one of the plurality of performance
margins, a second threshold, the at least one threshold, or
information associated with the change 1n the at least one of
the plurality of performance margins.

The vehicle 402 of FIG. 4 includes a first sensor 416, a
second sensor 418, and an Nth sensor 420. The plurality of
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sensors 416-420 may comprise at least one of: a speed/
acceleration sensor, a collision sensor, a vehicle distance
sensor, an obstacle sensor, a road surface sensor, a wheel
rotation sensor, a brake pressure sensor, a tire pressure
sensor, an airbag sensor, a suspension adjustment sensor, an
exhaust gas sensor, an engine related sensor, an anti-lock
brake sensor, a traction control sensor, or a fuel sensor.
Further, the vehicle 402 includes a plurality of speakers. The
plurality of speakers comprises a first speaker 422, a second
speaker 424, and an Mth speaker 426. For example, the first
speaker 422 corresponds to the left rear surround speaker
208 of FIG. 2 and the second speaker 424 corresponds to the
right rear surround speaker 210 of FIG. 2.

FIG. 5 depicts a flowchart of an illustrative non-limiting,
example of a method for implementing an acoustic feedback
system. In particular, the method 500 1s implemented 1n the
processor 304 of FIG. 3 or the processor 404 of FIG. 4. The
method 500 includes, at 502, receiving at least one of a
plurality of output signals from a plurality of sensors asso-
ciated with a vehicle. For example, the plurality of output
signals may be the output signal 308 of FI1G. 3. The plurality
ol sensors may be the first sensor 316, the second sensor
318, and the Nth sensor 320 of FIG. 3. The vehicle may be
the vehicle 328 of FIG. 3. In another example, the plurality
of output signals may be the output signal 408 o1 FIG. 4. The
plurality of sensors may be the sensors 416-420 of FIG. 4.
The vehicle may be the vehicle 402 of FIG. 4.

The method 500 includes determining whether an output
signal of the plurality of output signals has reached at least
one threshold, at 504. For example, the output signal may be
the output signal 308 of FIG. 3. In another example, the
output signal may be the output signal 408 of FIG. 4. The
method 500 also include sending an audible sound of a
plurality of audible sounds to at least one speaker based on
the output signal reaching the at least one threshold, at 506.
For example, the audible sound may be the audible sound
310 of FIG. 3. In another example, the audible sound may
be the audible sound 410 of FIG. 4. The at least one speaker
may be the speakers 322-326 of FIG. 3. In another example,
the at least one speaker includes the speakers 422-426 of
FIG. 4. In another instance, the at least one speaker com-
prises the center channel speaker 202, the left front channel
speaker 204, the right front channel speaker 206, the left rear
surround speaker 208, the right rear surround speaker 210,
or the subwooter 212 of FIG. 2.

The method 500, at 508, further includes determining
whether the output signal has reached a second threshold.
For example, at 170 of FIG. 1, an acoustic feedback system
determines whether an output signal associated with the left
rear tire 130, the night rear tire 140, or a combination thereof,
has reached a second threshold. The method 500 1ncludes
sending a second audible sound of a plurality of audible
sounds to the at least one speaker based on the output signal
reaching the second threshold, at 510. For instance, the
second audible sound 1s sent to the left surround speaker 208
of FIG. 2, the right surround speaker 210 of FIG. 2, or a
combination thereof. In another example, the second audible
sound may be sent to the left front channel speaker 204 11 the
output signal that reached the second threshold corresponds
to a sensor associated with the left front tire 110 of FIG. 1.
The sensor associated with the left front tire 110 of FIG. 1
may detect that the left front tire 110 15 about to lose traction
as the driver makes correction, at 170 of FIG. 1.

The method 500, at 512, includes modifying the output
signal based on at least one of a signal mput from the
vehicle, a change of a performance of the vehicle, or a
response ol the vehicle to road condition. For example, at
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150 or 170 of FIG. 1, an anti-lock brake assist 1s enabled by
the on-board system of the vehicle. The acoustic feedback
system may modily the output signal based on the vehicle
enabling the anti-lock brake assist. In an implementation, the
acoustic feedback system determines whether the modified
output signal has reached a third threshold. The acoustic
teedback system may send another audible sound to at least
one speaker based on the third threshold.

FIG. 6 depicts a flowchart of an illustrative non-limiting,
implementation of a method for determining threshold val-
ues of an acoustic feedback system. In particular, the method
600 may be implemented 1n the processor 304 of FIG. 3 or
the processor 404 of FIG. 4. The method 600 includes, at
602, determining at least one vehicle performance margin.
As explained herein, the vehicle performance margins are
used at 512 of FIG. 5 to modily the output signal. The
vehicle performance margins include at least one of: a lateral
cornering force, a downforce, a drag, a fuel/air mixture, an
acceleration/deceleration speed, and an engine revolution

per minute.

The method 600 also includes at 604 setting a first
threshold that corresponds to the vehicle performance mar-
gin(s). For example, the first threshold may be the threshold
at step 504 of FIG. 5. A second threshold that corresponds
to the vehicle performance margin(s) 1s set at 606. For
example, the second threshold may be the second threshold
at 510 of FIG. 5. At 608, at least one of the wvehicle
performance margins or the first and second thresholds 1s
stored 1n a memory. The memory may be the memory 306
of FIG. 3 or the memory 406 of FIG. 4.

In another example, an acoustic feedback system may
execute a set, or multiple sets, of instructions to perform one
or more computer functions. In particular implementation,
the instructions can be embodied in a computer-readable
storage device. The computer-readable storage device
includes any device that 1s capable of storing a set of
istructions for execution by a processor or that cause a
computer system to perform any one or more of the methods
or operations disclosed herein. For example, a computer-
readable storage device may include random access memory
(RAM), flash memory, read-only memory (ROM), program-
mable read-only memory (PROM), erasable programmable
read-only memory (EPROM), electrically erasable program-
mable read-only memory (EEPROM), registers, a hard disk,
a removable disk, a disc-based memory (e.g., compact disc
read-only memory (CD-ROM), a solid-state memory, or any
other form of storage device. A computer-readable storage
device 1s not a signal.

Those skilled 1n the art may make numerous uses and
modifications of and departures from the specific apparatus
and techniques disclosed herein without departing from the
inventive concepts. For example, selected implementations
of systems 1n accordance with the present disclosure may
include all, fewer, or different components than those
described with reference to one or more of the preceding
figures. In a specific example, An antilock brake system may
have been activated on a shippery surface. The system may
have been triggered at a lower value than a previously
determined maximum available traction, thus indicating a
condition where the traction 1s lower than previously deter-
mined. The acoustic feedback system may modily one of the
output signals. For example, the accelerometer reading may
be modified so 1t will trigger the thresholds at lower values.
That 1s, the signal may be scaled up so that the original
thresholds, expressed as a percentage of maximum available
traction, are still valid. In the above example, 11 the antilock
brakes are triggered at half the maximum, predetermined,
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available traction limit, then the system will increase the
accelerometer reading by a factor of two. The thresholds for
accelerometer readings may be 0.5 and 0.8 g’s under the
optimal traction conditions, where the maximum available
traction 1s 0.9 g’s. When the maximum available traction 1s
only 0.45 g’s, doubling the accelerometer readings will
allow the modified output to be compared against the
original thresholds of 0.5 and 0.8 g’s. Alternatively, instead
of modifying the output signal, the thresholds may be
recalculated as a percentage of the newly determined maxi-
mum available traction. For example, the previously deter-
mined maximum available traction was 0.9 g’s and the
thresholds may have been set to be 60 and 90 percent of the
maximum (0.54 and 0.81 g’s respectively). It there 1s a road
condition causing a loss of traction, the maximum available
may be 0.5 g’s, and the new thresholds would be 0.3 and
0.45 ¢’s. The disclosed implementations should be con-
strued as embracing each and every novel feature and novel
combination of features present in or possessed by the
apparatus and techniques disclosed herein and limited only
by the scope of the appended claims, and equivalents
thereof.

The mmvention claimed 1s:

1. An apparatus comprising:

a memory configured to store sound data associated with

one or more audible sounds; and

a processor configured to:

receive an output signal from a sensor associated with
a vehicle;

initiate sending an audible sound signal generated
based on the sound data to at least one speaker;

detect an increase 1 a diflerence between the output
signal and a threshold level, the difference associated
with the output signal being greater than the thresh-
old level;

in response to detection of the increase, increase a
sound level of the audible sound signal, shift a pitch
of the audible sound signal, or modulate the audible
sound signal based on another signal; and

modily the threshold level to a second threshold level
based on a detection of a change 1n at least one of a
plurality of performance margins.

2. The apparatus of claim 1, wherein the other signal 1s a
square wave.

3. The apparatus of claim 1, wherein the processor 1s
turther configured to:

determine whether the output signal 1s at the threshold

level, wherein initiation of sending the audible sound
signal 1s responsive to a determination that the output
signal 1s at the threshold level;

determine whether the output signal has reached the

second threshold level; and

based on the determination that the output signal has

reached the second threshold, send a second audible
sound signal generated based on the sound data to the
at least one speaker.

4. The apparatus of claim 3, wherein the audible sound
signal 1s associated with a first type of sound, and wherein
the second audible sound signal 1s associated with a second
type of sound, the second type of sound different from the
first type of sound.

5. The apparatus of claim 4, further comprising the at least
one speaker configured to provide a first audible sound
output associated with the audible sound signal and a second
audible sound output associated with the second audible
sound signal, wherein a change of sounds between the first
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audible sound output and the second audible sound output
indicates a change 1n driving conditions.

6. The apparatus of claim 1, wherein each of the one or
more audible sounds 1s associated with at least one corre-
sponding output signal of a plurality of output signals. d

7. The apparatus of claim 1, wherein each of a plurality of
threshold levels 1s associated with at least one corresponding
audible signal of the one or more audible sounds.

8. The apparatus of claim 1, wherein the sensor 1s
included in a plurality of sensors each of the plurality of
sensors configured to generate a corresponding output sig-
nal, and wherein the processor 1s configured to determine to
send the audible sound signal to the at least one speaker
based on a spatial relationship between the sensor and the at
least one speaker.

9. The apparatus of claim 1, wherein the plurality of
performance margins are associated with a vehicle that
includes the processor and the memory.

10. The apparatus of claim 1, wherein the at least one of
the plurality of the performance margins 1s based on at least
one of a plurality of performance sensor outputs, wherein the
plurality of performance sensor outputs include the output
signal, and wherein a modification of the threshold level to
the second threshold level 1s associated with a change 1n a
road condition, a vehicle operational condition, or other
operational condition.

11. The apparatus of claim 1, wherein the memory 1is
turther configured to store at least one of information
associated with the change in the at least one of the plurality
of performance margins or threshold level data associated
with the threshold level and the second threshold level.

12. The apparatus of claim 1, wherein the one or more
audible sounds comprise at least one of a sound of a
squealing tire, a sound of a plurality of squealing tires, a
sound of a tire loosing traction intermittently, a hard braking
sound, or a warning sound.

13. The apparatus of claim 12, wherein the audible sound
signal differs from a second audible sound based on at least
one of: loudness, pitch, or speed, and wherein the audible
sound signal 1s generated based on a diflerence between the
output signal and the threshold level.

14. A method comprising:

receiving an output signal from a sensor associated with

a vehicle:

sending a first audible sound signal to at least one speaker,

the first audible sound based on sound data;

detecting an increase i a difference between the output

signal and a threshold level, the difference associated
with the output signal being greater than the threshold
level;

in response to detecting the increase, increasing a sound

level of the first audible sound signal, shifting a pitch
of the audible sound signal, or modulating the audible
sound signal based on another signal;
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determiming whether the output signal 1s at the threshold
level, wherein mitiation of sending the audible sound
signal 1s responsive to a determining that the output
signal 1s at the threshold level;

determining whether the output signal has reached a

second threshold level, the second threshold level
greater than the first threshold level; and

based on the determination that the output signal has

reached the second threshold, sending a second audible
sound signal generated based on the sound data to the
at least one speaker.

15. The method of claim 14, wherein the sensor 1s one of
a plurality of sensors configured to generate a plurality of
output signals, further comprising determining to send the
audible sound signal to the at least one speaker based on an
association between the sensor and the at least one speaker.

16. The method of claim 14, further comprising modify-
ing the audible sound signal based on at least one of: a signal
input from the vehicle, a change of a performance of the
vehicle, and a response of the vehicle to road condition.

17. A computer-readable storage device storing instruc-
tions that, when executed by a computer, cause the computer
to perform operations comprising:

receiving an output signal from a sensor associated with

a vehicle;
sending an audible sound signal to at least one speaker,
the audible sound signal based on sound data;
detecting an increase 1n a difference between the output
signal and a threshold level, the difference associated
with the output signal being greater than the threshold
level; and
in response to detecting the increase, increasing a sound
level of the audible sound signal, shifting a pitch of the
audible sound signal, or modulating the audible sound
signal based on another signal; and

modifying the threshold level to a second threshold level

based on a detection of a change in at least one of a
plurality of performance margins.

18. The computer-readable storage device of claim 17,
turther comprising selecting the at least one speaker based
on an association of the at least one speaker with the sensor.

19. The computer-readable storage device of claim 18,
wherein the association of the at least one speaker with the
sensor comprises at least one of a directional association, a
spatial association, and a cognitive association.

20. The computer-readable storage device of claim 18,
wherein the at least one of the plurality of the performance
margins 1s based on at least one of a plurality of performance
sensor outputs, wherein the plurality of performance sensor
outputs include the output signal, and wherein a modifica-
tion of the threshold level to the second threshold level 1s
associated with a change in a road condition, a vehicle
operational condition, or other operational condition.
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